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ABSTRACT
Snowfall distribution in southern Alaska during large snowfall events (>12
inches/day) is complex and dependent on several small-scale factors. Output from highresolution WRF simulations was used to provide further insight into factors that
contribute to differences in precipitation patterns. Common synoptic patterns among
large snowfall events and cities were studied to create a snow climatology for seven cities
in southern Alaska based on the predominant wind flow at the surface and aloft and the
location of the surface low and 500 mb height field. Results aid in understanding the
synoptic set-up for large snowfall events in each city and provide insight for increased
skill in future forecasting applications. In addition, a snow avalanche climatology was
created for two ski areas to understand avalanche occurrences and their triggers in
southern Alaska. Avalanches have increased in frequency but decreased in size in the last
50 years, with increased avalanche mitigation techniques in more recent years in both
locations. Although a majority of the documented avalanches were artificially triggered
during the period of record, avalanches were evaluated for seasonal avalanche-climate
relationships and separated into climate classifications based on a decision tree
previously developed in the literature. Results confirm previous research with Eagle Crest
and Alyeska achieving coastal and intermediate climate classifications respectively. Daily
weather conditions during extreme avalanche years illustrate the seasonal variations are
also governed by snowpack processes. The relationships between avalanches and large
snowfall events were explored and common synoptic patterns were found. Correlations
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remained low, however, because large snowfall events only account for a small
percentage of total snow. Teleconnection indices were evaluated for their influence and
relationship with snow and avalanche occurrences to see if large snowfall events and
avalanches could be predicted on a seasonal timescale. Results indicate the need to
evaluate changes in atmospheric patterns on a daily to weekly timescale to improve
forecast skill. This requires moving away from monthly to seasonal analysis to better
account for the shifts and fluctuations that surround the formation and occurrence of
extreme snow and avalanche events in southern Alaska.
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CHAPTER 1
INTRODUCTION
The statewide average annual precipitation in Alaska calculates out to
1,050,000,000,000 gallons of water per day using information from The Alaska
Department of Natural Resources’ most recent hydrologic survey. A significant
proportion of this precipitation, especially in southern Alaska, occurs in the form of
snow. One city in particular, Thompson Pass, located at a gap in the Chugach Mountains
and known as the snowiest place in Alaska, averages about 552 inches of snow yearly.
Snow of any amount can be challenging to forecast due to the variable nature of winter
precipitation and subtle atmospheric alterations that can have profound changes on the
density of snowflakes. Weather forecasters rely heavily on numerical weather models to
help predict when, where, what type, and how much precipitation will occur over an area.
Unfortunately, these models do not output snow totals and instead report all snow as
general precipitation (Ware et al. 2006). Forecasters are forced to compute snowfall totals
based on their best guess of the density of snow, also known as the snow to liquid water
ratio (hereafter referred to as snow ratio), adding to the forecasting challenge. Large
snowfall events, defined in this work as greater than 12 inches, are especially challenging
to predict with any degree of accuracy because of the possibility for enhanced variability.
Large snowfalls, more so than storms with smaller accumulations, can have significant
impacts on travel and infrastructure and can lead to other hazards like avalanches.
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Prince William Sound, located inland of the Gulf Alaska, has seen many record
snowstorms in recent years causing many problems for Alaska’s only highway and
disrupting the movement of goods to interior Alaska. Little research has been completed
to understand the atmospheric patterns leading to large snowfall events in Prince William
Sound, further complicating a forecaster’s ability to make accurate snowfall forecasts.
Alaska has also seen an increase in the number of snow avalanches and avalanche
fatalities in recent years. Avalanches are arguably more challenging to forecast than snow
as they can be triggered by many different sources including wind, snow, animals,
people, and daily weather extremes. The Chugach Mountains and city of Juneau, AK are
two of the highest-risk avalanche areas in the United States presenting the need for
increased understanding of avalanche influences in both areas (Armstrong et al. 1992).
This research seeks to advance snow and avalanche forecasting skill in southern
Alaska by identifying the influences, impacts, and climatology of snow and avalanches in
Prince William Sound and nearby cities along the Gulf of Alaska. Combining historical
snowfall and avalanche information with the weather research and forecasting (WRF)
model allowed for a deeper understanding of the synoptic evolution of snowfall events at
a higher resolution. This information revealed specific atmospheric patterns that
influence snow and avalanche events in the Prince William Sound area. This increased
knowledge in understanding the multivariate nature of both snow and avalanches could
lead to increases in forecast accuracy and the ability to anticipate the severity of a
snowstorm or avalanche on a seasonal timescale.
On a broad scale, this research is important for the understanding of snow and
avalanche hazards in southern Alaska which can support in future planning, forecasts,
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and dissemination of applicable hazard and impact information to the public (Voight et
al. 1990). While southern Alaska is unique in its topography and hydrologic influences,
results and methods from this research could be applied in a broad sense to other areas of
the world. This work could also have applications in future research on geomorphology
(Keylock 1997) and ecosystems (Muntán et al. 2009) in southern Alaska as avalanches
can influence alterations in both fields.
This research has three main objectives: 1) construct a snow climatology for
seven cities in southern Alaska to better understand snowfall distribution over time; 2)
construct an avalanche climatology for two ski areas in southern Alaska to assess how the
climate of the area and snowpack processes influence avalanche occurrence; and 3)
determine if there is a relationship or distribution between larger (extreme) snow events
and avalanches. These objectives are discussed in further detail in the chapters that
follow.
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CHAPTER 2
LITERATURE REVIEW
The following literature review is divided into four sections: Section 2.1 Synoptic
Weather and Climate Studies in Alaska, Section 2.2 Challenges in Snow Measurements
and Forecasts, Section 2.3 Avalanche Basics, and Section 2.4 Challenges in Avalanche
Forecasting.
2.1 SYNOPTIC WEATHER AND CLIMATE STUDIES IN ALASKA
Alaska is vast in nature and has many climatic influences due to its topography,
proximity to coastal areas, and high-latitude location (Bieniek et al. 2012). Synoptic
meteorology storm set-up can vary greatly from one climatic region to another. Bieniek et
al. (2012) used cluster analysis based on temperature data 1977-2010 and identified
eleven climatic regions in Alaska. The authors split up the regimes based on their
location in terms of the Alaska Range. This research involves locations south of the
Alaska Range but extend horizontally across four of the climatic regimes identified by
Bieniek et al. (2012).
Synoptic meteorology research specifically for southern Alaska is almost nonexistent, however, larger scale studies focusing on the entire state of Alaska or only
northern Alaska provide the groundwork for similar research in southern Alaska. Several
studies focus on prominent atmospheric circulation modes in the Gulf of Alaska and
North Pacific, but do not connect synoptic patterns with surface climate

4

(e.g., Overland et al. 1999; Rodionov et al. 2005). Previous research in this area also
includes Mock et al. (1998), on climatic variations across Beringia (defined from
northeast Siberia through the Pacific Ocean and into Alaska), Scheler et al. (2004) on
regional synoptic variations in a high-latitude maritime snow climates, and Esteban et al.
(2005) looking at the relationship between atmospheric patterns and heavy snowfall days
in the Pyrenees between France and Spain. In their research on Beringia, Mock et al.
(1998) discovered thirteen major atmospheric circulation patterns based on synoptictemperature and synoptic-precipitation relationships and classified them based on
location, season (month – either July or January), the type of anomaly (precipitation,
temperature, or 500mb), and whether the anomaly is positive or negative. Scheler et al.
(2004) and Esteban et al. (2005) focused more on the synoptic weather influence on
avalanches. Specifically, Scheler et al. (2004) studied the correlation between synoptic
weather and the formation of near-surface faceted crystals, a common concern in
avalanche forecasting as the faceted crystals can put snowpack stability in question. This
research by Scheler et al. (2004) was conducted in Juneau, Alaska where the authors
identified three main synoptic weather patterns including onshore flow, offshore flow,
and split flow to influence weather in Juneau and nearby Eagle Crest ski area, an
important distinction in setting up this research in the same area. Esteban et al. (2005)
specifically studied extreme snow events (>11.8 inches in 24 hours) and used clustering
techniques to separate extreme events based on common synoptic weather patterns and
aid in future heavy snowfall forecasting. This research used many of the techniques
described in this literature as groundwork for development of the synoptic snow and
avalanche climatology in southern Alaska as described further in Chapter 4.
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2.2 CHALLENGES IN SNOW MEASUREMENTS AND FORECASTS
Snowfall research, unlike most other weather phenomena, is underrepresented in
peer-reviewed journals with research on the causes of storm production. This lack of
research creates gaps in the ability to accurately forecast snowfall events as there are
many variables that influence the totals (Roebber et al. 2003; Ware et al. 2006). In the
last decade, research on snowfall and improving snowfall forecasts has taken off as a
topic of importance in the meteorological community (Kunkel et al. 2007; Doesken and
Robinson 2009) This is likely due to the public desire for better forecasts for the
significant amount of winter weather that occurs yearly around the world. Understanding
these challenges will provide a foundation for further snow research.
One of the projects on the forefront of snowfall forecasting research is that of
Evans and Jurewicz (2009) in which the authors identified the parameters, such as
stability and mesoscale forcing, that have a correlation with total snowfall accumulation.
Their research is one of the first to identify specific convective parameters common from
one snowfall event to another. Similar methods were used here to identify the synoptic
setup of large snowfall events in southern Alaska. Although Evans and Jurewicz (2009)
did not differentiate large snowfall events from small ones, this research differentiates
snowfall events based on accumulation and does not try to identify ingredients specific to
a snowfall event less than 12 inches.
Kunkel et al. (2007) and Kunkel et al. (2009) have also made significant advances
in snowfall research. Kunkel et al. (2007) studied 1119 weather stations from the
Cooperative Observer Program (COOP). The results of their study show significant bias
throughout the observers in the COOP across the United States. This bias unveils a
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significant problem for the observations from those in the COOP as the observations are
used to verify forecasts and snow ratios for snowfall events. With significant bias
surrounding the verification of measurements, it is difficult to determine the accuracy of
snowfall forecasts. Kunkel et al. (2007) show in their research that improving snowfall
forecasts is more complicated than simply upgrading the Weather Research and
Forecasting (WRF) model and expanding the understanding of the parameters that lead to
snowfall events. Observers in the COOP need to completely document their observing
practices so any biases can be taken into account when verifying forecast accuracy.
Similarly, Kunkel et al. (2009) looked at a variety of weather stations across the country
to specifically analyze trends in snowfall. Results show certain areas across the United
States defy the trends that may be associated with climate and instead can be traced to
dynamical process such as upslope snow or lake-effect snow. These dynamical processes
are important to note as they can significantly affect the parameters needed to create a
snowfall event by requiring more mesoscale forcing or instability just to make the event
happen.
Roebber et al. (2003) has been very influential in snowfall forecasting as the
authors disproved the previous belief that the snow ratio is most frequently ten inches of
snow to one inch of water, but rather varies from as much as 3:1 (three inches of snow to
one inch of water) to 100:1. As snowfall measurements are based on the water equivalent,
the snow ratio is a very important variable in snowfall forecast verification.
Unfortunately, the snow ratio, as noted in Ware et al. (2006), is not something easily
computed. Many ingredients such as moisture content of air and air temperature can
greatly vary the density of snow and therefore the snow ratio.
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The advancement of snowfall forecasting today involves studying snowfall on a
multi-variable scale to determine which common parameters lead to snowfall events.
Stability of the atmosphere and mesoscale forcing likely play a role in the initiation of
snowstorms with varying accumulations. Atmospheric circulation and topography can
contribute as well, but the question remains as to how strong the influence is. Using
model data and quality observed data, defined using Kunkel et al. (2007), snowfall events
can be studied and patterns can be identified. The determination of these patterns will
provide forecasters with a basis for initiating snowfall forecasts leading to improvements
in forecast accuracy.
2.3 AVALANCHE BASICS
A snow avalanche is a natural hazard that occurs in mountainous areas where
snow and ice rapidly slide down a sloping surface. There are many different triggers that
can lead to snow avalanches but in order to be triggered, the snowpack needs to be
unstable and the slope of the terrain needs to be between 30 and 45 degrees. Without
these two conditions, an avalanche will not occur. The majority of people who are caught
in snow avalanches cause the avalanche by traveling on or beneath the unstable snow.
Unfortunately, the number of fatalities each year by snow avalanches has generally been
on the rise in the United States (Doesken and Judson 1997; CAIC 2015,
http://avalanche.state.co.us). The increase in avalanche fatalities across the USA is likely
due to the increase in popularity of outdoor winter sports like snowmobiling, skiing, and
climbing in the Rocky Mountains and Alaska. Avalanches can travel down a slope at
speeds up to 120 miles per hour and are unforgiving to anything in their path. This
includes people that are experienced in dealing with avalanches or those involved in

8

avalanche rescues. Most people who are caught in an avalanche will end up suffocating
from the weight of snowpack on top of them. Avalanche transceivers, avalanche probes,
and shovels can be very helpful in surviving an avalanche, but survival is very time
sensitive. If rescue does not happen within 15-30 minutes or if burial depth is greater than
a couple feet, the probabilities of survival decline rapidly.
There are three main types of avalanches recognized across the literature and by
the Forest Service National Avalanche Center (FSNAC), slab avalanches, loose snow
avalanches, and wet avalanches (McClung and Schaerer 1993). Slab avalanches are
typically the most dangerous type of avalanches. They involve the most snow, move the
quickest, and can be triggered by small changes like increases in snow through
precipitation or wind, or by the weight of a person. Slab avalanches often occur when the
top layer of snow is harder or more cohesive than the layer beneath it. The weaker layer
cannot support the weight of the snow on top of it and when triggered, the snowpack
fractures and a slab avalanche begins (Mock and Birkeland 2000). The fracture zone on a
slab avalanche can range from 10 feet to more than a mile in some cases (Doesken and
Judson 1997). Loose snow avalanches, also known as sluffs, often occur on steeper
slopes and lack cohesion in the snowpack. They are not as dangerous nor do they
typically cause as much damage as slab avalanches, but they can run objects, like large
rocks, over steep cliffs (FSNAC 2015). Wet avalanches often occur with warmer
temperatures as the warmer temperatures melt the snow at the surface leaving a saturated
layer on top. The saturated layer creates weak layers in the snowpack and an avalanche
can occur. Although wet avalanches move slower than dry avalanches, the density of the

9

water is increased and therefore the extra weight of the snow can make wet avalanches
just as dangerous as slab avalanches (FSNAC 2015).
The characteristics of seasonal snowpack determine the type of avalanche that
occurs. Birkeland (1998) defined and explained the layered structure of seasonal
snowpack and how avalanche forecasts are based on the characteristics seen in the
snowpack. For slab avalanches, the formation of weak layers of near-surface faceted
crystals are a dangerous precursor an avalanche will soon take place. Metamorphic
processes within the snowpack and on the surface form faceted crystals. Water vapor is
moved through the snowpack and deposited on individual snow grains allowing for
crystal growth and larger, angular faceted crystals are formed (Birkeland 1998). Large
temperature gradients allow for large vapor pressure gradients to get this process started,
but due to the weak shear strength and strong compression in subfreezing environments,
the crystals consistently form weak layers in the snowpack. Recognizing the instability of
snow on a slope is key in accurate avalanche forecasts.
2.4 CHALLENGES IN AVALANCHE FORECASTING
Avalanche forecasts, like snow forecasts, involve many variables and can be very
challenging for forecasters to accurately predict when and where an avalanche will occur.
Much work has been done to better understand avalanches and improve avalanche
forecast accuracy (Armstrong et al. 1992; McClung 2002a,b). In general, snow is most
stable during and right after a snowstorm. South facing slopes are typically safer and
more stable during the winter but often have more surface melting as spring approaches
increasing the number of wet avalanches. North facing slopes tend to consolidate as
spring approaches making them safer during the spring and early summer. Daily weather
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can quickly change the strength of snowpack so accurate measurements of wind speed
and direction, precipitation totals, and temperature fluxes are very important to avalanche
forecasters. Heavy snow or rain and increased snow due to strong wind on the leeward
side of a slope often adds significant weight to the snowpack and causes the snowpack to
become unstable.
Mock and Birkeland (2000) defined two climate zones, continental and coastal, in
the western United States to help relate avalanche characteristics to the weather that
precedes most avalanche occurrences in the west. Classifying avalanche activity by
climatic zones allowed Mock and Birkeland (2000) to regionalize some of their results
with some exceptions due to orographic and atmospheric dynamic interactions. This
regionalization is important because most avalanche studies that include any synoptic
meteorology are site specific and do not allow for the study of common patterns that lead
to the onset of avalanches over a spatial extent. Similar avalanche climatology have been
previously completed by Armstrong and Armstrong (1987) also in the western United
States, Fitzharris (1987) in Western Canada, and Mock (1996) in Alyeska, AK. Hackett
and Santeford (1980) looked at the climate of avalanches based on three climate zones,
maritime, transitional, and continental, similar to that of the Western U.S., but focused on
Alaska. Wagner (2012) found an exception to this classification system when
investigating the snow climate of Turnagain Pass, Alaska, located just northwest of
Alyeska, AK. The snow climate research was based on the decision tree from Mock and
Birkeland (2000) and used Snow Telemetry (SNOTEL) data. SNOTEL data stations are
located in various topographic terrains with the main focus and use on hydraulic studies.
It is not necessarily robust for daily analysis, but is some of the only temperature,
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precipitation, snow, and snow-water equivalent measurements taken in many
mountainous areas.
Previous avalanche research from Eagle Crest, AK focuses on faceted crystals
(Hood et al. 2005) and avalanche forecasting (Hutcheon and Lie 1977; Hendrikx et al.
2014). The incorporation of snowpack aspects with weather and climate is critical for full
understanding of the triggers of avalanche activity that can vary from daily to seasonally.
The advancement of avalanche forecasting is dependent on further research in avalanche
prone areas to regionalize the synoptic patterns that lead to the onset of avalanches. This
will also allow for further development of the avalanche hazard index set up by Mock
and Birkeland (2000) and could lead to avalanche studies on seasonal, multivariate,
spatial, and extreme scales. Additional research on the relationship between
teleconnections and avalanches (e.g., McClung 2013) would also promote forecast
improvements and further the knowledge and predictability of avalanches on a longer
timescale.
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CHAPTER 3
DATA AND STUDY AREA
The following chapter is broken up into six sections: Section 3.1 Study Area,
Section 3.2 Observation Data, Section 3.3 Reanalysis Data, Section 3.4 WRF Model,
Section 3.5 Teleconnection Data, and Section 3.6 Avalanche Data.
3.1 STUDY AREA
The area of study for this research is four cities in or just outside of Prince
William Sound, Alaska and three additional cities along the Gulf of Alaska (Figure 3.1).
The study area incorporates much of southern Alaska along the coast but does not include
the Aleutian Islands extending to the southwest. The seven cities include Kodiak,
Alyeska, Valdez, Thompson Pass, Cordova, Yakutat, and Juneau (Eagle Crest), Alaska,
listed spatially from west to east along the Gulf of Alaska. The selection of specific cities
was largely based on snow and avalanche data availability extending spatially to achieve
a distribution throughout the study area desired. This area is a sensitive study site with
complex topography and both continental and maritime influences. Although sensitive, it
is also an ideal study site with the highest quality snow, avalanche, and meteorological
data well distributed across a large spatial extent.
A variety of topographic features surround the study area. The Chugach
Mountains lie just north of the Gulf of Alaska and the Wrangell Mountains to the
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northeast of Prince William Sound. The Wrangell Mountains are volcanic but have been
relatively quiet in volcanic activity for many years (Shulski and Wendler 2007). Both
ranges merge with the St. Elias Range just north of Yakutat. The St. Elias Range extends
southeast through Canada and meets up with the Coastal Range on the southeast
panhandle north of Juneau. Coastal and hydraulic features add to the complexity of
southern Alaska’s topography and climate. Alaska is home to more than three million
lakes and 12,000 rivers in addition to the proximity of the Gulf of Alaska, Pacific Ocean,
and Bering Sea (Shulski and Wendler 2007).
The seven cities in this study are distributed throughout and around the various
topographic and hydrologic features described above. Thompson Pass is located in a gap
between the Chugach Mountains. Valdez is twenty miles southwest of Thompson Pass
and lies at sea level off of the deep fjord at the head of Prince William Sound. Cordova is
forty miles south of both Thompson Pass and Valdez and is located on Prince William
Sound. Alyeska lies on the windward side of the Chugach Mountains west of Valdez and
just interior of the Cook Inlet. The Alyeska Ski Resort is located on the east side of the
city with a base elevation of 274 feet and a summit elevation of 2750 feet. Kodiak is an
island in the western Gulf of Alaska located just southwest of the Kenai Peninsula that
separates the Cook Inlet from the Gulf of Alaska. Yakutat is east of Prince William
Sound and just south of the St. Elias Range. The city lies on Monti Bay, the only deepwater port on the Gulf of Alaska. Juneau is located on the northeastern side of Alaska’s
southeast panhandle and separated from the Gulf of Alaska by a series of islands. The
Eagle Crest ski area is just twelve miles north of Juneau, across the Gastineau Channel
with a base elevation of 1200 feet and a summit elevation of 2600 feet.
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3.2 OBSERVATION DATA
Daily minimum and maximum temperatures, precipitation, snowfall, and snow
depth data for all seven cities was retrieved from the National Climatic Data Center
(NCDC) (http://www.ncdc.noaa.gov). Snow data is based on observations from the
National Weather Service (NWS) forecast offices for Valdez and Juneau and from the
NWS Cooperative Observer Program (COOP) for Kodiak, Alyeska, Cordova, Thompson
Pass, and Yakutat. NCDC observation data is the most thorough and complete snow
measurement data for southern Alaska but may be obscured by subjective reporting
practices as discussed in Chapter 2.2. The period of record varied from 8 years in
Thompson Pass to 123 years in Juneau.
3.3 REANALYSIS DATA
North American Regional Reanalysis (NARR) data from the National Oceanic
Atmospheric Administration (NOAA) Earth System Research Laboratory, Physical
Sciences Division (Compo et al. 2011; Cram et al. 2015) was used to evaluate
atmospheric conditions. NARR plots from the surface, 850 mb, and 500 mb were used to
evaluate changes in air temperature, wind speed, wind direction, geopotential height,
stability and precipitable water to help determine if variance in parameters between cities
affects the atmospheric conditions necessary for snowfall to occur and in turn, snowfall
totals. Plots were studied during the time period 48 hours before (after) the start (end) of
the snow event in Coordinated Universal Time (UTC).
3.4 WRF MODEL
The Weather Research and Forecast (WRF) model was run to investigate the
synoptic evolution of snowfall events at a higher spatial resolution. Data was output
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every three hours starting at 12 UTC the day prior to the selected event and run for 36
hours. Boundary conditions for the WRF model were set using NARR data. WRF output
was analyzed using Bufkit, a forecast profile visualization and analysis toolkit, and the
NWS Advanced Weather Interactive Processing System (AWIPS) visualization software
(e.g., Welsh 2004).
3.5 TELECONNECTION DATA
Three-month running mean index values for the El Niño-Southern Oscillation
(ENSO), Pacific Decadal Oscillation (PDO), and Arctic Oscillation (AO) were acquired
from

the

NOAA

Climate

Prediction

Center

(CPC)

1950-2014

(http://www.cpc.ncep.noaa.gov) and used to determine the teleconnection’s relationship
with extreme snow seasons and Gulf of Alaska sea surface temperatures. These are
standard teleconnection (reoccurring pattern of large-scale pressure and circulation
anomalies over a large geographic area) indices used in climate and avalanche studies
(e.g., Keylock 2003; Reardon et al. 2008; McClung 2013).
3.6 AVALANCHE DATA
The ski areas located in Alyeska and Eagle Crest provided avalanche data for this
study based on observations taken by snow rangers in both areas in accordance with the
International Commission on Snow and Ice (1981). Avalanche control methods as well as
the quality and number of observers have changed over time opening the data to bias in
reporting practices. Both sites, however, are ideal study sites because of their locations in
hazardous avalanche terrain and number of quality avalanche observations in comparison
to other sites in Alaska.
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Eagle Crest has weather observations taken at the base (1200’) and summit
(2600’) of the mountain (1996-2014) and Alyeska at the base (274’), midway (1500’) and
summit (2750’) of the mountain (1982-2014). Weather data at both sites includes daily
minimum and maximum temperature, snow depth, new snow, and water from rain
(precipitation). Alyeska also has dew point, wind, and cloud cover information.
Eagle Crest data had to be digitized for analysis and was evaluated for quality
measurements prior to the digitizing process in attempt to limit bias in the measurements
from different reporting practices. The data was sent separated by common avalanche
path locations around the mountain 1985-2013 with avalanche path descriptions included.
Eagle Crest avalanche and weather data is incomplete temporally with missing data in
both records. In addition, they have very aggressive avalanche control techniques ranging
from hand explosives to avalaunchers and control skiing techniques where the snow
rangers intentionally set avalanches by skiing above or on unstable snowpack. Avalanche
reports only come from days in which the snow rangers went into the field to mitigate
avalanche hazards making it impossible to limit all bias from analysis in Eagle Crest and
therefore all results should be considered with caution. Data reporting changes also
happened prior to the start of the 93/94 and 07/08 snow seasons with path changes prior
to 92/93. This ultimately limited analysis to a very small number of natural avalanches
between 1993-2013 in Eagle Crest.
Alyeska has a longer avalanche record extending the period 1968-2014, a longer
and more detailed record than recorded previously in the Westwide Avalanche Network
and used in Mock (1996). Avalanche and weather data at this site are available at the
midway and summit stations from 1 November to 30 April with the base weather station
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operating year round. Wind data was included in 6-hour averages taken at the ridge top
on Max’s Mountain (3,302 feet) and is representative of the true summit winds. Similar
to Eagle Crest, the Alyeska record also includes statistics and path descriptions for
common avalanche paths around the mountain. The Alyeska dataset was evaluated for
the same quality checks prior to analysis and did not have nearly as many limitations. A
large number of avalanches were also triggered intentionally in Alyeska with air blasts,
hand explosives, artillery, avalaunchers, vehicles, and controlled skiing and had to be
filtered out for climate analysis. The available data for Alyeska is very thorough for
avalanche data and provides great insight to the nature of avalanches in southern Alaska.
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Figure 3.1 Map of study area in southern Alaska. (Image courtesy of Google Earth)
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CHAPTER 4
METHODS
The following chapter is broken up into three sections: Section 4.1 Snow
Climatology, Section 4.2 Avalanche Climatology, and Section 4.3 Comparison of
Extreme Events.
4.1 SNOW CLIMATOLOGY
A snow climatology was completed for seven cities in southern Alaska: Kodiak,
Alyeska, Valdez, Thompson Pass, Cordova, Yakutat, and Juneau, independently for each
city based on data availability. The frequency of snowfall events by year, month, and
snowfall totals were examined over the period of record in each city with special
attention on large snowfall events (>12 in or 30.5 cm). Data was studied for common
temporal periods with similar snowfall frequencies (or lack thereof) across the Gulf of
Alaska. Extreme years were highlighted further by calculating the total snowfall
accumulation from large snowfall events and dividing by the frequency of large snowfall
events in a given year (sum of total snow from large snowfall events/frequency of events)
In addition to showing extreme years, this information also provided insight to the
influence of large snowfall events on the annual snowfall totals in each city.
Synoptic weather patterns were studied during select large snowfall events using
North American Regional Reanalysis (NARR) data to determine the synoptic set-up of
large snowfall events across southern Alaska. Specific cases were selected for each city
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based on the snowfall totals and the period of record in the city or post 1979, based on
NARR availability, consisting of up to the top twenty events in each city. Parameters
were studied at the surface, 850 mb, and 500 mb and include air temperature, wind speed,
wind direction, geopotential height, stability, and precipitable water. NARR data was
used to determine if variance in parameters between cities affected the atmospheric
conditions necessary for snowfall to occur. Categories were created from the similarities
in atmospheric variables preceding large snowfall events in an individual city. This is a
classification approach that was created with use of this data to show common synoptic
set-ups for large snowfall events based on similar surface and upper-air patterns among
large snowfall events in the same city.
Atmospheric conditions were analyzed further at a higher resolution using output
from the Weather Research and Forecasting (WRF) model for Cordova, Thompson Pass,
and Valdez, due to their close proximity and significant variance in synoptic set-up.
Sixteen specific cases were selected for further evaluation based on the occurrence and
variability of large snowfall events in each city on the same day between 2001 and 2012.
Using Bufkit, soundings were created from the WRF output to help visualize atmospheric
conditions during the recorded large snowfall events. Visual explanations were also
derived from the National Weather Service’s (NWS) Advanced Weather Interactive
Processing System (AWIPS) with the creation of two figure sets from the WRF output.
The first figure set includes mean sea-level pressure, surface winds, and precipitation and
is helpful in indicating the location of the bulk of precipitation as well as the speed and
direction of the surface winds. The second figure set shows the cross-section between two
of the three cities so terrain could be included along with relative humidity and omega to
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indicate moisture and vertical motion respectively. Cross-sections were made for
Thompson Pass/Cordova and Thompson Pass/Valdez and were helpful in indicating the
extent of moisture and lift required for the large snowfall event to occur, or lack thereof.
Of the sixteen cases chosen, five represent a large snowfall in Thompson Pass without
recording one in Valdez or Cordova. Five cases were selected for Valdez and three for
Cordova based on similar reasoning. The remaining three cases recorded a significant
snowfall event at all three cities. The cases chosen are listed in Table 4.1.
Expanding from the study area and extending the entire North Pacific and
adjacent North America, similar to that of Mock et al. (1998), also allowed for the study
of large-scale influences including teleconnections. The number of large snowfall
occurrences during a winter season, with a season running October of one calendar year
through May of the next calendar year, and the total snowfall per season were compared
to the Arctic Oscillation (AO), El Niño Southern Oscillation (ENSO), Pacific Decadal
Oscillation (PDO), and Gulf of Alaska sea surface temperatures. Parametric correlations
were derived using the Pearson product-moment correlation coefficient to look for
positive or negative correlations and the strength of correlation between variables.
Scatterplots were made to better assess the distribution of the data including skewness
and kurtosis. Spearman’s rank correlation coefficient was also used as a non-parametric
test to look at the dependence of the snow occurrences on teleconnections (e.g., Chok
2010). A description of each teleconnection and their associated phases is included in
Table 4.2 (Papineau 2001). Correlations between these phases and the frequency of large
snowfall events during a winter season provide information about the predictability of
large snowfall events on a seasonal to intra-seasonal time scale.
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4.2 AVALANCHE CLIMATOLOGY
An avalanche climatology for Alyeska and Eagle Crest were created based on
similar methods previously developed in avalanche climatology literature (e.g. Fitzharris
1987; Mock and Birkeland 2000). The case study and daily classification of synoptic
maps methods were used from Fitzharris (1987) to capture individual avalanche events
based on temperature fluctuations and precipitation and to place the synoptic set-up
preceding avalanche events into categories (explained further in section 4.3). Notable
avalanche winters were evaluated for climate classifications as seen in Mock and
Birkeland (2000). Their methods were also used to study daily weather fluctuations to
better understand snowpack conditions as explained further later in this section. The
climatology for both sites improve previous avalanche research in both cities with a
longer and more complete data record (e.g., Hutcheon and Lie 1977; Mock 1996; Hackett
and Santeford 1980).
Building on Hackett and Santeford (1980), Mock (1996), Mock and Birkeland
(2000), and Wagner (2012) avalanche trends in both Eagle Crest and Alyeska were
evaluated for classification into the coastal, intermediate, or continental climate criteria
previously established in the literature. This was done using the decision tree developed
by Mock and Birkeland (2000) which uses seasonal rain, average air temperature, the
December average temperature gradient (calculated by dividing the December average
temperature by the December average snow depth), snow water equivalent, and snowfall
to classify snow seasons and describe the primary snow climate influence each season.
Classifications were based on seasonal averages from 1 December to 31 March,
consistent with the previously developed method. Lack of snow water equivalent and
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weather data limited the complete seasonal classification to Alyeska with the other four
parameters and was completed for 1995-2013 to provide an updated analysis after Mock
(1996). Coastal winters typically see abundant snowfall with a deep snowpack that comes
from frequent or large storms and warmer temperatures while continental winters are
characterized by weak snow layers created by large temperature gradients across the
shallow snowpack and widespread avalanching (Mock and Birkeland 2000). The
intermediate criterion falls between these two types or has signals of both classifications
during a snow season.
The frequency of avalanche reports by year, month, and size were examined over
the period of record in each site. Avalanche days, defined to be a day in which one or
more avalanche occurred, were also studied. In Eagle Crest, avalanche days were limited
to only those days the snow rangers went out into the field. Initially, all avalanche reports
in both cities were considered to get an idea of the frequency of avalanche events in
addition to a comprehensive distribution of avalanche triggers and types. Tables 4.3, 4.4,
and 4.5 provide the code and description of avalanche size, type, and triggers
respectively. In Eagle Crest, numeric size ratings did not begin until the 2006/2007 snow
season. Prior to 06/07, Eagle Crest used a general small, medium, or large scale rating
which were ultimately translated to size 2, 3, and 4 avalanches respectively. Past these
initial frequency distributions, avalanches that were triggered with explosives were
filtered out before moving on with studying avalanche-climate relationships. It should be
noted, however, that the frequency of artificially triggered avalanches in both sites would
still likely have an impact on those avalanches triggered naturally despite not being
included in analysis.
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Plots were made to evaluate the avalanche index, snowfall, precipitation, snow
depth, and temperature in order to determine the snowpack characteristics over the course
of a winter season. This is a basic procedure that is conventionally done by avalanche
forecasters to study variations of snow and avalanches at daily to seasonal timeframes.
The avalanche index comes from Mock and Birkeland (2000) and Birkeland et al. (2001)
and was computed by squaring the size of each avalanche on a given day at a given site
before summing the total to have a representative avalanche index value for each day.
This method emphasizes the larger avalanches due to weather versus artificial avalanche
control (e.g. explosives). The plots allow for the evaluation of snowpack conditions, like
the formation of near-surface faceted crystals, as well as point out avalanche extreme
events and seasons. Wind data from the top of Mount Alyeska was used to verify the
conditions seen in some of the examples and plots were also compared to previous
research for similarity in results found. Simple statistical analyses were used to evaluate
variability in temperature, snow, snow depth, and avalanche index between seasons to
highlight the high and low anomalous years in each category. It should be noted these
plots were only created for Alyeska because Eagle Crest did not have complete enough
records to allow for the same analysis. Similar to the snow climatology, avalanche
seasons were compared to teleconnection activity from the AO, PDO, ENSO, and Gulf of
Alaska sea surface temperatures using the same correlation methods previously outlined
but focusing on the non-parametric tests to account for avalanche data non-normality.
4.3 COMPARISON OF EXTREME EVENTS
The top 10% of extreme avalanche and snow seasons from Alyeska and Eagle
Crest were selected from the largest or most anomalous events determined while
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completing the snow and avalanche climatology previously described in sections 4.1 and
4.2. After identification, correlations between the two were studied for similarities in
temporal occurrence, the synoptic set-up, and daily weather fluctuations with the aim of
identifying the impact of large snowfall events on avalanches in southern Alaska. The
select large snowfall events and extreme avalanche seasons were studied further with
NARR data to identify synoptic patterns leading to the large snowfall events and
avalanches in each city as possible with available data. Once again, parameters were
studied at the surface, 850 mb and 500 mb and include air temperature, wind speed, wind
direction, geopotential height, stability, and precipitable water Atmospheric circulation
patterns at the 500 mb level were also explored using composite anomaly maps for a
winter season extending November through April similar to Mock and Birkeland (2000).
The composite anomalies indicate areas of increased anti-cyclonic (positive) and cyclonic
(negative) flow. Any relationships found help identify the effect meteorological variables
and processes have on avalanches, which is possible because of the longer and more
detailed data record available in Alyeska.
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Table 4.1 Snow event cases selected for inclusion in the WRF model

YYYY/MM/DD
2009/12/16
2009/12/17
2012/01/06
2008/02/03
2008/04/11
2012/01/26
2007/11/08
2010/03/09
2010/04/15
2010/10/29
2011/10/25
2006/12/30
2011/04/07
2011/12/17
2012/01/05
2012/02/26

Cordova
Snow
(in)
9.5
12
18
16
22
12
0
10
0
0.5
0
1
5
0
6
20

Thomp.
Pass Snow
(in)
24
12
24
4
3
1
18
24
28
19
24
6
1
5
6
7
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Valdez
Snow (in)

Site
Selection

21.4
8.8
19.3
0
2.1
0
0.5
2.7
0.1
0
0
16.2
27.3
20
19.2
20.9

All
All
All
Cordova
Cordova
Cordova
Thomp. Pass
Thomp. Pass
Thomp. Pass
Thomp. Pass
Thomp. Pass
Valdez
Valdez
Valdez
Valdez
Valdez

Table 4.2 Description of teleconnection phases

Teleconnection Positive Phase
AO

ENSO

PDO

Negative Phase

AO+ – Winds in

AO- – Winds in

the stratosphere are
stronger than
normal producing
lower than normal
SLP over the Arctic

the stratosphere are
weaker than normal
producing higher
than normal SLP
over the Arctic

El Niño –

La Niña – Cooling

Warming of water
in central and
eastern equatorial
Pacific Ocean from
the surface down a
few hundred feet
increasing westerly
winds, ridging over
the western USA,
and intensification
of subtropical jet
over eastern Pacific
and southwestern
USA
PDO+ – SSTs in
the North Pacific
are above normal
but create colder
SSTs along the
coast of AK and
BC

of water in central
and eastern
equatorial Pacific
Ocean from the
surface down a few
hundred feet
shifting the polar jet
stream to lower
latitudes and
producing cooler
than normal
temperatures in
Alaska and western
Canada
PDO- – SSTs in
the central North
Pacific are below
normal but create
warmer SSTs along
the coast of AK and
BC
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Impact on AK
Weather
Changes position
and strength of
Aleutian low. No
known direct
influences on
temperature or
precipitation
Extended cold
temperatures during
and drier conditions
during La Niña, El
Niño highly variable

Southern Alaska
cooler than normal
during –PDO and
warmer than normal
during +PDO
(anomalies about 1°
respectively) with
increased
precipitation during
+PDO (especially in
winter)

Table 4.3 Avalanche size relative to path

Avalanche Size
1
2
3
4
5

Description
Very small
Small
Medium
Large
Major or Maximum
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Table 4.4 Avalanche type

Data Code
GL

Type
Loose-snow avalanche released at
the ground
Hard slab avalanche
Loose-snow avalanche
Soft slab avalanche
Wet loose-snow avalanche
Unknown

HS
L
SS
WL
?
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Table 4.5 Avalanche trigger

Data Code
AA
AB
AE
AL
AO
AS
AV
HE
N
?

Cause of Avalanche Release
Artificial Explosive: Artillery
Artificial Explosive: Air Blast
(detonated above the snow surface)
Artificial: Explosive (thrown or
placed on or under the snow surface
by hand
Artificial Explosive: Avalauncher
Artificial: Unclassified
Artificial Human: Skier
Artificial: Vehicle
Human Detonated Explosive
(Unspecified)
Natural
Unknown
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CHAPTER 5
RESULTS
Similar to Chapter 4: Methods, the following results chapter is broken up into
three sections: Section 5.1 Snow Climatology, Section 5.2 Avalanche Climatology, and
Section 5.3 Comparison of Extreme Events.
5.1 SNOW CLIMATOLOGY
The snow climatology for all seven cities studied across southern Alaska yielded
different results among the different cities. In general, large snowfall event occurrence
coincided with the typical winter season in Alaska with the greatest frequency of large
snowfall events occurring between December and March with notable events extending
into April and May (e.g., Figure 5.1). Years with the largest snowfall totals also
corresponded, for the most part, to years with the greatest frequency of large snowfall
events (e.g., Figure 5.2). Taking the total snowfall accumulation of large snowfall events
and dividing by the frequency of large snowfall events in a given year allowed for
calculation of the average snowfall per large snowfall event per year (e.g., Figure 5.3).
Figure 5.3 for Valdez, and similar plots from other cities as indicated in Table 5.1,
emphasize the extreme events with years, like that of 2009, indicating the largest average
snowfall per large snowfall event despite only experiencing three large events. The years
with no large snowfall events are also emphasized in Figure 5.3. Table 5.1 summarizes
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the main commonalities and variances in snowfall frequency and distribution across the
seven cities in the Gulf of Alaska. It highlights the average annual snowfall,
the number of years of data studied, the number of large snowfall events within the data
period available, the largest snowfall event recorded during the period of record, the
largest average snow per large snowfall event during a season, the year(s) with the
greatest frequency of large snowfall events, and the month with the greatest frequency of
large snowfall events. Figure 5.3 and similar ones made for the other six cities also drew
more attention to those years that did not experience a large snowfall event, an important
indication when comparing with extreme avalanche event occurrence as explained in
section 5.3.
The weather patterns leading to the large snowfall events documented in each
city, up to the top twenty events, from 1979-2013 were examined using NARR images.
Analysis for Valdez revealed similarities in the location of the surface low pressure and
the 500 mb height field. Three categories were formed from the similarities and all
twenty cases were noted to fall within one of the three categories. 30% of the large
snowfall events studied in Valdez had a surface low pressure in the Gulf of Alaska with a
500 mb trough west of Alaska and were denoted as Category 1 (Figure 5.4). Category 2
represents 25% of the events studied and is characterized by a 500 mb low in northern
Alaska (Figure 5.5). A majority of the events, at 45%, fell within Category 3 with a
surface low in the eastern Aleutian Islands and a 500 mb ridge in the Gulf of Alaska
(Figure 5.6). The relationship demonstrated between these categories and the large
snowfall events in Valdez provide a starting point for identifying and forecasting future
large snowfall events in the same area.
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Similar work was completed for the other six cities with more conclusive results
coming from Kodiak, Alyeska, Yakutat, and Juneau but not necessarily revealing the
same categories as Valdez. Large snowfall events in Kodiak commonly had a
predominant flow coming from the north at both the surface and aloft. In most cases, a
500 mb low was situated in central Alaska extending into the Gulf of Alaska with much
of Alaska in a deep cold pool. Alyeska had a number of similarities to the synoptic
conditions derived in Valdez with a surface low over the eastern Aleutian Islands and a
500 mb ridge in East Alaska extending into Canada. Large snowfall events in Alyeska
also typically had a surface flow from the northeast with a more northerly flow aloft.
Yakutat large snowfall events typically saw high relative humidity values in the Gulf of
Alaska with a 500 mb low in central to northern Alaska and low-level wind flows from
the west or southwest. A deep 500 mb trough over the eastern Aleutian Islands
characterized most of Juneau’s large snowfall events with a southerly surface flow and a
southwesterly flow aloft. The deep cold pool over much of Alaska, as seen in large
snowfall events in Kodiak, was also a common occurrence for large snowfall events in
Juneau.
Data records in Cordova and Thompson Pass are generally limited to seasonal
snowfall totals until the early 2000s. With the limited cases available, no clear
explanation for large snowfall occurrence in either city or the variance in snowfall totals
across Cordova, Thompson Pass, and Valdez, given their close proximity, could be
derived from the NARR data analysis. Seasonal snowfall totals between Thompson Pass
and Valdez were compared dating back to 1971 (winter season of 1971-1972) with
Valdez notably recording more snow than Thompson Pass in 1974, 1977, 1978, 1988,
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1990, 2000, 2001, and 2003. With Thompson Pass averaging 552 inches and Valdez
averaging 327 inches of snow per season, these eight years indicate the highly variable
nature of snow in southern Alaska and the importance of being able to distinguish the
events for better and more accurate forecasts. Possibilities for variation in snowfall totals
during these seasons could be attributed to differences between the influences of
maritime versus intermountain snow and weather, orographic lifting, or adiabatic cooling
lapse rates.
Output from the WRF model was looked at for more conclusive explanations in
the variation of snowfall totals and large snowfall events across Cordova, Thompson
Pass, and Valdez. Soundings were created from the WRF output to help visualize
atmospheric conditions during the recorded large snowfall events for the sixteen cases
selected. Figure 5.7 shows an example of the soundings created for all three cities from
2012/01/06, a case in which all three cities recorded a large (or close to) snowfall event.
The soundings show similar temperature, moisture, wind direction, and wind speeds
across all three cities as expected with all cities recording large snowfall events.
Similarities could also be seen between soundings for cases in which all three cities did
not experience a large snowfall event. Soundings for the other cases only varied, if at all,
slightly in temperature. This result indicates that atmospheric conditions examined cannot
fully explain the variance in snowfall totals across the three cities in Prince William
Sound.
WRF output was imported into and examined using AWIPS where figures were
created to provide visual explanations in snowfall accumulation variance across Cordova,
Thompson Pass, and Valdez. Figure sets include mean sea level pressure, surface winds,
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and precipitation or the cross-section between two of the three cities. Figures 5.8, 5.9, and
5.10 show examples of the figure sets and were taken from the 2012/01/06 case also seen
in the soundings of Figure 5.7 where all three cities experienced a large snowfall event.
Figure 5.11 comes from the 2008/04/11 case where Cordova experienced a large snowfall
event while Thompson Pass and Valdez did not. The visual explanations taken from these
figures, and similar ones from the other cases, revealed specific patterns in each city that
helped lead to the large snowfall event. In Cordova, results show large snowfall events
did not occur without a southeast surface flow. Weaker flow and shallow moisture
actually allowed for more snowfall in Cordova. Thompson Pass, on the other hand,
required deep moisture and strong flow to obtain a large snowfall event. Results also
show southwest flows dictate little to no snow accumulation in Thompson Pass. Valdez
large snowfall events were common with low-level flows from the south or southwest.
These results all provide excellent information that can be used in future forecasting
operations. Similar results for Alyeska, Kodiak, Yakutat, and Juneau were not obtained as
the WRF model was only run for these three cities in close proximity. The higher
resolution desired to investigate the large snowfall events further could not be obtained
for the large spatial extent required to include all seven cities.
Teleconnection indices were also studied to see if large snowfall event occurrence
had a correlation with changes in large-scale circulations. In general, there was a very
weak positive correlation (Spearman=0.18) between warmer sea surface temperatures in
the Pacific Ocean associated with the PDO and years that had few to no large snowfall
events (Figure 5.12). Outside of these general results, Valdez, Kodiak, Alyeska,
Thompson Pass, and Juneau saw a higher variability of snow with ENSO (Pearson and
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Spearman close to 0) and Cordova and Yakutat generally saw more snow during La Niña
winters (Table 5.2). This result is highlighted in Table 5.3 with a comparison of the ten
snowiest months between Valdez and Yakutat, with the average monthly temperature for
each city during the month indicated, and the associated phase of ENSO. EN (LN) was
used to signify an El Niño (La Niña) event with EN+ (LN+) signifying a strong El Niño
(La Niña) year and N signifying a neutral event. Teleconnection indices have a fairly
poor correlation with a majority of the cities in general. An example of these correlations
can be seen in Table 5.4 for Valdez where red indicates positive values and blue indicates
negative values for each teleconnection. Gulf of Alaska sea surface temperatures are also
indicated but do not provide further insight as to a relationship between large-scale
circulations and the snow climatology in Valdez.
5.2 AVALANCHE CLIMATOLOGY
The avalanche climatology developed for Alyeska and Eagle Crest are similar in
many ways. In general, avalanche occurrence peaked in February at both sites. Avalanche
records in Alyeska extend from October through May with comparable frequencies
during the winter months and significantly less records early and later in the snow season
(Figure 5.13). Eagle Crest only has avalanche records from December through March but
saw more avalanches during February with comparable numbers in the other winter
season months. Avalanche records in Eagle Crest correspond with days the snow rangers
went out to control the avalanche hazards. This did skew the seasonal number of
avalanches in Eagle Crest, as the number of avalanche days was fairly constant each
season because records are limited to those days. These records are also not necessarily
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comprehensive of all avalanche activity in the Eagle Crest area as the number of
avalanche days each season varied from three to thirty days.
The Alyeska record is more comprehensive and indicates an increasing trend in
avalanche occurrence between 1968 and 2013 (Figure 5.14). A majority of the recorded
avalanches in both Alyeska and Eagle Crest tended to be small or medium in size relative
to the path (size 2 or 3 avalanches) (Figure 5.15). Larger avalanches in both locations
were more common earlier in the period of record and have become significantly less
frequent in recent years (e.g., Figure 5.16). This is likely due to increased avalanche
mitigation techniques in both sites and a greater frequency of artificially triggered
avalanches in more recent snow seasons. Natural avalanches, however, have not seen a
steady decline in occurrence as may be expected, and too have had an increasing trend
during the period of record. Soft slab avalanches were the most prominent avalanche type
in both locations (Figure 5.17) and about 70% of avalanches in both locations were
artificially triggered with explosives (Figure 5.18). Climate analysis was only completed
on those cases that were not triggered with explosives.
Avalanche climatic relationships for both Eagle Crest and Alyeska were found to
be similar to previous findings in Hackett and Santeford 1980 and Mock 1996, even with
the longer and more complete data set. Missing and incomplete climate records in Eagle
Crest complicated climate analysis with the already small number of useable avalanche
cases due to their avalanche control techniques. Despite this, avalanching in Eagle Crest
can still be characterized by warmer temperatures, lots of small snowfall events scattered
throughout the season, and a decent-sized snowpack throughout the season. These
conditions replicate the coastal climate criteria previously found in this area. Alyeska saw
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a little more variability achieving the intermediate climate criteria also previously given
to the area. Air temperatures are likely one of the driving causes of the variation in
Alyeska snow climate as seen in Figure 5.19 with average monthly air temperatures from
1995-2013 mimicking the results from nearby Turnagain Pass, as explained in Wagner
(2012). Using the decision tree from Mock and Birkeland (2000) and building off of
Mock (1996), the snow climate for Alyeska 1995-2013 was derived and recorded in
Table 5.4 using the low-elevation site. Within these eighteen years, Alyeska saw eight
intermountain, five continental, and five coastal snow climate seasons further confirming
the high variability of weather influences and seasonal changes in Alyeska, as found
previously in Mock and Birkeland (2000). Ten snow seasons between 1995 and 2012
matched with the nearby Turnagain Pass SNOTEL climate classifications seen in Wagner
(2012). The seven seasons that did not typically varied with a coastal classification seen
in Turnagain Pass and either an intermountain or continental classification in Alyeska as
Alyeska saw more of both of these classifications. The difference in classifications may
be due to the difference in available data and snowpack structure at both sites as noted in
Wagner (2012).
To highlight these seasonal changes in greater detail, four snow seasons were
selected in Alyeska and daily conditions were explored. Figure 5.20 shows the daily data
during winter season 1982/1983 which was previously known to be a season of
significant avalanche activity. With the general increase in avalanches throughout the
period of record, the 1982/1983 season would now be considered more of an average
year rather than above average. The daily plot reveals continental conditions with a large
snowfall event to get the season started in early November and a few smaller events
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throughout the season to maintain the consistent shallow snowpack throughout. Warmer
temperatures in December gave way for more rain leading to a large avalanche cycle
before a deep cold pool came into play in mid January. Rapid warming following this
period of intense cold gave way to more avalanching before a rain event ended the season
in early April with another day of large avalanching. The thin snowpack seen would have
led to a maximum temperature gradient within the snowpack leading to the formation of
weak, faceted crystals and an unstable snowpack that lasted throughout the season. This
is confirmed when looking at a majority of the avalanche events characterized by natural
triggers and occurring mainly as soft slab and loose snow avalanches. A few hard slab
avalanches were seen following the deep cold pool in January. Similar continental
conditions were seen during the early months of winter season 2009-2010, the season
with the largest number of avalanche occurrences in Alyeska during the period of record
(Figure 5.21). Snowfall was slow to get started and the snowpack stayed fairly shallow
until a late season snow event in early March. Temperatures stayed colder throughout
with some distinct periods of below freezing maximum temperatures through much of the
early parts of the season. A few smaller snowfalls in early and late December led to a
couple moderate avalanche cycles with easily favorable conditions for the widespread
formation of faceted crystals. Early February brought the onset of warmer temperatures,
some smaller snow events, and a moderate amount of rain. This more coastal influence
led to widespread avalanching for a few consecutive days before hitting an extreme
avalanche cycle following a large snowfall event of more than 80 cm of snow and leading
to a day with an avalanche index of 324. Warm and wet conditions characterize the rest
of the season indicating a switch in influence from the continental conditions seen early
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in the season to a more coastal influence later in the season. The wind data at the top of
the mountain, representing the true summit winds, show the change from more northerly
or northeasterly winds to more south or southwesterly winds as the season moved along.
A similar story can be seen during snow season 1999-2000 (Figure 5.22) with a
shift in climatic influence during the season. Warmer early season temperatures and a
lack of snow early in the season meant for a very shallow snowpack until mid to late
January. This would have created significant temperature gradients in the snowpack and
allowed for the formation of weak, faceted crystals and the early avalanche cycles seen.
A large system with lots of moisture came through at the end of January leaving Alyeska
buried under 226 cm of snow and leading to some larger avalanches because of the weak
layers below. Several days with avalanche indices over 150 are present throughout the
record despite the change in climatic conditions about halfway through the season.
Comparable numbers of Avalanches were seen in December, January, and March but
with a lot less snow later in the season. The 99/00 season has a much greater snow depth
peak than 09/10 but doesn’t have quite as apparent of a shift from continental to coastal
influences allowing for the variation in 09/10 which classified ultimately as coastal
versus 99/00 which was indeed intermountain (Table 5.5). Both years distinctly highlight
the multivariate nature of snow avalanche occurrence and easily indicate the associated
forecasting challenges.
The winter season of 2011/2012 (Figure 5.23) also shows more intermountain
influences. This season is also one of the snowiest seasons on record in southern Alaska
as seen by the consistent snowfall events throughout the record. The onset of cold
temperatures early in the season decreased the temperature gradients in the snowpack
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leading to less faceted crystals and very few early season avalanches. A gradual warming
in temperatures with a lot of moisture led to the first avalanche cycle with an avalanche
index of 232 just four days into December. Consistent snow with cold temperatures
allowed the snow depth to continue to rise staying around 200 cm for about a month from
late February to mid to late March. A couple larger snow events led to another large
avalanche cycle with avalanche indices consistently over 200 during the first fifteen days
of February. Most of the early season avalanches were hard slab avalanches, which is
consistent with the rapid cooling early in the season allowing for compaction of the
snowpack without having weak layers in between.
Comparisons of the daily plots presented and analysis of temperature, snow, snow
depth, and avalanche index for those that were not, temporally show great variability with
Alyeska experiencing both continental and costal winters, and sometimes experiencing
signs of both influences (intermountain) during the same winter. As mentioned
previously, these results are consistent with the results seen in Wagner (2012) with a few
more continental characteristics seen than in previous research by Mock and Birkeland
(2000). Daily weather fluctuations and the association of larger snow events with larger
avalanche events are described in detail in the following section.
Teleconnection indices were compared to both abnormally large and small
avalanche seasons at both sites. Similar to the cities, correlations were fairly poor in both
high and low seasons at both sites. Using 82/83, 99/00, 09/10, and 11/12 as examples of
high years in Alyeska, 99/00 and 11/12 corresponded to La Niña winters and negative
phases of the PDO while 82/83 and 09/10 experienced El Niño winters and positive or
neutral phases of the PDO. The winter season of 82/83, as explained previously in Mock
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and Birkeland 2000, was a strong warm ENSO event while 99/00 was a strong cold
ENSO event. The four smallest avalanche seasons in Alyeska corresponded to warm,
cold, and neutral ENSO events, as did both large and small seasons in Eagle Crest. These
results further indicate the importance of understanding the underlying intra-seasonal
variability in snow processes and their relationship to synoptic scale circulation and
surface climate responses.
5.3 COMPARISON OF EXTREME EVENTS
Snow seasons with a greater frequency of large snowfall events had little to no
correlation with the total number of avalanches that occurred during a snow season in
Alyeska (r2 value of 0.005). Seasons that saw more snow from large snowfall events also
had no correlations with the number of avalanche occurrences in Alyeska (r2 value of
0.02). Juneau only had two-dozen large snowfall events during their entire period of
record, three of which occurred during the period of record for avalanches in Eagle Crest.
All three of these large snowfall events were isolated and have no comparison with
avalanche occurrence. Looking individually at snow seasons and specific events within
the seasons, better conclusions could be drawn. However, direct correlations between
snowfall occurrence and avalanches remain low as can be seen in Figures 5.24 and 5.25
with the scatterplots between daily snowfall and avalanche index (r2 values around 0.20).
Similar to the snow climatology for the cities, the weather patterns leading to the
larger, naturally occurring avalanches were examined using NARR images from 19792013 in Alyeska. The larger avalanches tended to be hard slab avalanches that occurred
in the mid to later parts of the snow seasons with a notable number of soft slab
avalanches as well. In Alyeska, large avalanche events would generally be preceded by
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storms with lots of moisture bringing either two inches or more of rain, or two feet or
more of snow. A few events also saw a combination of an inch of rain a few days before
followed by more than a foot of snow prior to avalanching. Precipitation type was
dependent on temperature which was influenced, at least partially, by the storm motion.
Consistent with large snowfall events in Alyeska, storm motion with a surface flow from
the northeast and a northerly flow aloft tended to bring the larger snow events preceding
large avalanches. A surface low over the eastern Aleutian Islands with a 500 mb ridge in
eastern Alaska was also common prior to avalanching. Large avalanches that occurred
after significant rainfall commonly had storm motion coming from the south or southeast
aloft bringing moisture and warmer temperatures from the Gulf of Alaska. Wind data in
Alyeska was used to confirm the storm motions seen in the NARR images but did not
prove useful further in this analysis.
Synoptic similarities were seen from one large avalanche event to the next in
Alyeska but do not necessarily match up precisely with the most extreme snow events.
Years with a greater frequency of avalanches do seem to have some correlation with
years with more snowfall, but it is not an obvious direct correlation seen in any
coefficient of variation or determination. 2011-2012 is known to be one of the snowiest
seasons on record in southern Alaska and is also towards the top in number of avalanche
occurrences. Synoptically, the distribution of seasonal (Nov-Apr) 500 mb height
anomalies for 2011/2012 shows a negative center over much of the state (Figure 5.26)
indicating the extended presence of a deep low pressure system that allowed for a longer
and wetter snow season. Contrast that with 1989-1990, another year with a significant
amount of snow in southern Alaska, but one of the lowest seasons in avalanche
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frequency. The 500 mb composite anomalies here show two areas of less-intense positive
heights west of Alaska and in the Gulf of Alaska (Figure 5.26), allowing for more ridging
and longer periods for the snowpack to stabilize between snow events. Years with more
large snowfall events have even less of a direct correlation to avalanching highlighting
the fact that much of the snow seen in Alyeska and other nearby cities during a season
does not come from large snowfall events.

45

Table 5.1 Summary of snowfall frequency and distribution across the seven cities

City

Avg.
Years
Annual
of
Snowfall
Data
(in)

# of
Large
Snow
Events

Largest
Snowfall
(in)

Largest
Avg.
Snowfall
per
Large
Snowfall
Event
(in) In a
Given
Season
21.5
(1946)

1965 (2
Events)

Year(s)
of
Greatest
Freq. for
Large
Snowfall
Events

Kodiak

68

81

15

21.5
(1/7/47)

Alyeska

208

48

113

33.1
(12/24/06)

24
(2004)

Valdez

327

95

429

47.5
(1/16/90)

24.4
(2009)

Thomp.
Pass

552

8

57

Cordova

108

13

11

Yakutat

143

95

97

28.0
(4/15/10)
22.0
(4/11/08)
30.0
(3/11/60)

17.9
(2011)
19.0
(2007)
19.7
(1992)

1991 (10
Events)
1928,
1956 (12
Events)
2009 (16
Events)
2011 (4
Events)
1975 (8
Events)

Juneau

88

123

24

31.0
(1/10/72)

22.3
(1971)

1901 (3
Events)
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Month
of
Greatest
Freq. for
Large
Snowfall
Events
Feb, Mar
(4
Events)
Dec (36
Events
Jan (120
Events)
Dec (18
Events)
Jan (4
Events)
Jan (25
Events)
Jan, Feb
(7
Events)

Table 5.2 Valdez and Yakutat average snow and ENSO phase
City
Yakutat (Avg)
Yakutat (Std Dev)
Valdez (Avg)
Valdez (Std Dev)

El Niño
123 in
45 in
330 in
80 in

La Niña
190 in
83 in
319 in
62 in
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Neutral
158 in
42 in
320 in
75 in

Table 5.3 Valdez and Yakutat top 10 snowiest months and ENSO phase
Ten Snowiest Months
Year

Month

1996
2011
1990
2007
1991
1987
1994
1989
2000
1988

Feb
Dec
Jan
Jan
Dec
Jan
Dec
Dec
Jan
Dec

Valdez
Snow ENSO
(in)
180.0
152.1
148.5
142.7
137.1
128.0
124.5
123.3
116.2
110.0

LN
LN
N
EN
EN
EN
EN
N
LN
LN

Avg.
T
(°C)
18.3
24.0
21.0
23.2
27.6
28.2
24.7
30.2
21.7
27.2

Year
1989
2012
1965
1999
2007
1959
2011
1954
1985
1999
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Yakutat
Month Snow
(in)
Jan
Jan
Feb
Dec
Mar
Dec
Nov
Dec
Mar
Feb

116.2
104.9
87.3
86.3
85.9
84.9
84.6
84.5
84.1
84.0

ENSO
LN+
LN
LN-N
LN+
N
N
LN+
LN
LN
LN

Avg.
T
(°C)
21.7
23.9
21.3
30.8
25.8
32.7
27.2
24.7
32.5
26.2

Table 5.4 Valdez top 10 snowiest seasons 1975-2013 and teleconnection indices
Year

Snow (in)

89-90
91-92
94-95
00-01
76-77
86-87
99-00
03-04
87-88
75-76

550.7
516.6
396.9
391.3
379.3
384.7
377.0
353.7
353.5
351.0

Valdez Top 10 Snowiest Seasons
Snow
ENSO
PDO
Days
94
N
-0.46
113
EN+
0.31
86
EN
-0.61
110
LN
0.27
116
EN
1.19
95
EN+
1.85
99
LN+
-1.24
78
N
0.47
105
EN
1.27
80
LN+
-1.53
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AO
1.4
0.9
0.9
-1.4
-1.5
-0.7
0.7
-0.4
-0.4
0.8

GOA
SST’s
-0.5
0.1
-0.7
0.1
0.6
0.9
-0.6
0.2
0.3
-0.7

Table 5.5 Alyeska seasonal snow climate approximations
Winter
Season
95-96
96-97
97-98
98-99
99-00
00-01
01-02
02-03
03-04
04-05
05-06
06-07
07-08
08-09
09-10
10-11
11-12
12-13

Rain >
8cm
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Temp
>-3.5°C
No
No
Yes
No
No
Yes
No
Yes
No
Yes
No
No
No
No
Yes
No
No
No

Dec. TG >
10°C/m
No
No
No
No
No
No
Yes
No
No
Yes
No
No
Yes
No
No
Yes
No
Yes
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SWE
>100cm

Temp
<-7°C
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Climate
Intermountain
Intermountain
Coastal
Continental
Intermountain
Coastal
Continental
Coastal
Intermountain
Coastal
Intermountain
Intermountain
Continental
Intermountain
Coastal
Continental
Intermountain
Continental

Valdez Large Snowfall Events (>12in)
1918-2013

Frequency

120
110
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80
70
60
50
40
30
20
10
0

Month
Figure 5.1 Frequency of Valdez large snowfall events by month
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Valdez Large Snowfall Events (>12in)
1918-2013
Key
12 Events
11 Events
10 Events
9 Events
8 Events
7 Events

6 Events
5 Events
4 Events
3 Events
2 Events
1 Event
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1926
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1990
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1998
2002
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2010

Snowfall (in)

300
280
260
240
220
200
180
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140
120
100
80
60
40
20
0

Year
Figure 5.2 Frequency of Valdez large snowfall events by snowfall accumulation per year
in inches. Color key represents number of large snowfall events per year
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Valdez Large Snowfall Events (>12in)
1918-2013
25
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20
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Large
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5
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Figure 5.3 Valdez large snowfall events by average snowfall per event in inches during a
given season (total large snowfall amount/number of large snowfall events)
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Figure 5.4 Valdez large snowfall events synoptic set-up Category 1: Surface low pressure
in the Gulf of Alaska (left) with a 500mb trough west of Alaska (right). Example images
from 1996/02/05
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Figure 5.5 Valdez large snowfall events synoptic
set-up Category 2: 500mb low in northern Alaska.
Example image from 2009/12/15
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Figure 5.6 Valdez large snowfall events synoptic set-up Category 3: Surface low in the
eastern Aleutian Islands (left) with a 500mb ridge in the Gulf of Alaska (right). Example
images from 1987/12/23
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Figure 5.7 2012/01/06 09 UTC sounding for Cordova (left) Thompson Pass (middle) and
Valdez (right)
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Figure 5.8 2012/01/06 09 UTC mean sea-level pressure with
surface winds and precipitation. Red circle indicates the location
of cities in Prince William Sound
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Figure 5.9 2012/01/06 09 UTC cross section with wind, relative
humidity, and omega for Thompson Pass (left circle) and Cordova
(right circle)
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Figure 5.10 2012/01/06 09 UTC cross section with wind,
relative humidity, and omega for Valdez (left circle) and
Thompson Pass (right circle)
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Figure 5.11 2008/04/22 03 UTC cross section with wind,
relative humidity, and omega for Thompson Pass (left circle)
and Cordova (right circle)
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PDO Time Series with Frequency of Valdez
Large Snowfall Events
14
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8
6
4
2
0
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Figure 5.12 Time series of the PDO (black) with frequency of large snowfall events in
Valdez 1918-2013 with blue, red, and grey shading representing negative, positive, and
neutral phases of the PDO respectively
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Frequency of Alyeska Avalanches by Month
1968-2013
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Figure 5.13 Frequency of Alyeska avalanches by month
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Frequency of Alyeska Avalanches by Year and
Month 1968-2013
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Figure 5.14 Frequency of Alyeska avalanches by year and month. Color key represents
number of avalanches per month
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Frequency of Alyeska Avalanches by Year and
Size 1968-2013
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Figure 5.15 Frequency of Alyeska avalanches by year and size. Color key represents
number of each avalanche size per year
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Frequency of Alyeska Large Avalanches per
Year 1968-2013
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Figure 5.16 Frequency of Alyeska large avalanches by year. Color key represents number
of each avalanche size per year
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Alyeska Avalanche
Type
GL
L
0%
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?
4%
WL
7%

Eagle Crest
Avalanche Type
HS
3%

HS
3%

L
5%

SS
92%

SS
81%

Figure 5.17 Distribution of Alyeska (left) and Eagle Crest (right) avalanche type
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Alyeska Avalanche
Triggers
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AL 1%
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?
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Eagle Crest
Avalanche Triggers
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16%

Ski
31%
AE
22%
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68%
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7%

Figure 5.18 Distribution of Alyeska (left) and Eagle Crest (right) avalanche triggers
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Alyeska Monthly Average Temperature
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Figure 5.19 Alyeska average monthly temperature by year
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Figure 5.20 Daily weather and avalanche information for Alyeska 1982-1983
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Figure 5.21 Daily weather and avalanche information for Alyeska 2009-2010
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Figure 5.22 Daily weather and avalanche information for Alyeska 1999-2000
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Figure 5.23 Daily weather and avalanche information for Alyeska 2011-2012
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Figure 5.24 Scatterplot of daily snowfall vs. avalanche index for Alyeska 2009-2010

74

Alyeska 2011-2012
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Figure 5.25 Scatterplot of daily snowfall vs. avalanche index for Alyeska 2011-2012
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Figure 5.26 500 mb anomalies for the winters of 2011-2012 (left) and 1989-1999 (right).
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CHAPTER 6
DISCUSSION AND CONCLUSIONS
The distribution of seasonal snowfall in southern Alaska is highly variable and
dependent on many small-scale factors. In addition to temperature and orography, surface
and upper air wind directions and speeds and atmospheric moisture content significantly
influence large snowfall event occurrence and snowfall totals. Commonalities in
atmospheric variables preceding large snowfall events allowed for categories to be
formed based on the upper level pattern and surface low. Similar synoptic set-ups in the
same city prior to large snowfall events and/or similar set-ups between cities provide
potential support in issuing large snow forecasts in the future for the affected cities.
Correlations between snow frequency and snow occurrence with teleconnections
were generally very weak. Cordova and Yakutat experienced more snow during La Niña
winters while Kodiak, Alyeska, Valdez, Thompson Pass, and Juneau saw great variability
during ENSO shifts. Outside of the weak general correlation with the PDO and fewer
large snowfall events, there are major differences between the coastal and interior cities
and their corresponding correlations with the various teleconnection indices. The lack of
these correlations question the ability to forecast and anticipate the severity of snowfall
events on a seasonal timescale based on sea surface temperature anomalies in the Pacific
as originally thought. They do, however, show that total snow in southern Alaska is
mostly a function of storm frequency and secondarily to changes in temperatures
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dictating whether precipitation falls as rain or snow. In addition, calendar month or yearly
seasonal analysis may not be the best in trying to understand underlying processes and
influences in discerning the difference between a phase shift and snow trends and may
need to be changed for further research.
Avalanches in southern Alaska have increased in frequency but decreased in size
in the last fifty years, with avalanche mitigation techniques likely to blame for the
increased number of smaller avalanches. Eagle Crest avalanches were dominated by the
coastal climate criteria with Alyeska receiving more climate variability and therefore
considered an intermediate climate. The higher variability in Alyeska was confirmed in
looking at the daily weather fluctuations and in previous research. No clear significant
correlations were found to exist between avalanche occurrence and frequency and the
different teleconnection indices. This was mainly due to the human influence of
avalanche occurrences but similar to the cities, it may be best to move away from looking
at seasonal climate anomalies as a product for predicting future abnormally large or small
avalanche events in southern Alaska and instead focus on smaller-scale intra-seasonal
fluctuations and the corresponding surface climate responses. Further research in this
area, however, would still be dependent on and influenced by avalanche mitigation.
Large avalanche events in Alyeska had some similar synoptic set-ups but did not
always line up temporally with large snowfall events. Multiple reasons could be
attributed to this result. The first of which is the aggressive avalanche control techniques
which limit the number of natural avalanches and diminish the influence of atmospheric
controls preceding the avalanches. The aggressive control techniques also limit the
number of larger avalanches that occur. As alluded to previously in section 5.2, there
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were a very small number of recorded size 5 avalanches with an even smaller number of
size 5 natural avalanches (See Figure 5.16). Most of these occur earlier in the period of
record, prior to 1979 and NARR data availability, and therefore could not be studied
synoptically. There is one notable exception to this, which is a size 5, hard slab avalanche
that occurred on 1999/03/12 and actually caught and buried two individuals. This specific
avalanche saw eighteen inches of snow the day prior to avalanching with another six
inches recorded the day of. This large snowfall and avalanche event came more than a
week after the previous storm, which left sixteen new inches of snow on an already
moderately deep snowpack. Even stricter avalanche control techniques in Eagle Crest and
incomplete weather data almost completely remove Eagle Crest as a site for avalancheweather interaction analysis. This is not to say artificial avalanching does not influence
the recorded natural avalanches in Alyeska, but the extent to which they do was not
studied in this research.
In addition to avalanche control, it has been demonstrated previously that
snowfall, or particularly a large snowfall, alone is not necessarily a precursor for an
avalanche to occur and other variables like temperature and snowpack hardness have to
be considered as well. This is especially true for large avalanches as was the focus of this
work. Based on the synoptic analysis of natural avalanche cases available, large snowfall
events played a large role in their occurrence but not in a way that could be used in
reverse to forecast the avalanche event. Although large natural avalanches seem to be
influenced by large snowfalls, not all large snowfall events lead to large avalanches. The
common synoptic set-ups found for large snowfall events could be used to help forecast
the large snowfall events and put avalanche forecasters on guard about possible large
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avalanches if other conditions for avalanche occurrence are favorable. This does not help
with trying to predict avalanches or large avalanches on a seasonal time-scale but with
the degree of influence by avalanche control techniques and the multivariate nature of
both snow and avalanche events in southern Alaska, long-range forecasts would be too
variable and provide little degree of accuracy at the present time.
Further research using wind data in a greater capacity would provide great insight
into an underexplored area of avalanche research. To completely understand the influence
of wind on snowpack, however, daily weather fluctuations would have to be studied
consecutively which was not done in this research focusing on extreme events. The
availability of wind data was exceptionally helpful in identifying the direction storms
came from since the instrumentation is on the summit and represents true summit winds.
It may be challenging to completely measure the degree of influence that wind has on
wind-loading a snowpack. However, if a technique was developed or a unique field study
was conducted, it would allow for the expansion of avalanche-weather interaction
analysis.
Looking at seasonal snow, without exclusively focusing on large snowfall events,
may provide further insight into the degree of influence snow has on avalanching as
roughly 80% of average yearly snow in southern Alaska comes from snowfall events less
than twelve inches. This could also lead to modifications in Mock and Birkeland (2000)’s
decision tree to make it more site specific for each city rather than regionalized for the
western United States. Doing so may provide alternative climate classifications that could
be more representative to southern Alaska and when paired with daily synoptic maps,
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rather than seasonal or case-specific events, could allow for generalized forecasts a week
or two out.
The future of avalanche-climate interaction is based in modeling and processoriented approaches given the complexities of seasonal snow and avalanche distributions,
especially in southern Alaska (Mock et al. Submitted). Although some dynamical studies
(e.g., Castebrunet et al. 2012) have been completed in relation to avalanches, there is very
little previous work that models avalanche probability using statistical methods. Eckert et
al. (2010) used a variety of sub-models, including the Poisson method, to model the
fluctuations of avalanche occurrence to figure out the impact of climate change. Mcafee
et al. (2014) focused on Alaska with statistically downscaled projections of snow and rain
by using observational data to describe the relationship between average monthly
temperatures and the number of snow-days in a month with the goal of determining longterm snow occurrence. Further work in these areas could be exceptionally useful in
predicting large snow and avalanche occurrence in the future but cautions would have to
be taken with predictions due to the influence of avalanche mitigation. GIS and remote
sensing applications could also add to future snow and avalanche studies linking climate
variability to dynamical modeling (e.g., Schweizer et al. 2009) and detecting avalanches
or weak layers like surface hoar (e.g., Bühler et al. 2015; Eckerstorfer et al. 2016).
This research looked at snow and avalanche occurrence and distribution in
southern Alaska, an area that is severely lacking in previous research despite many of the
cities averaging more than 100 inches of snow per year and with two vulnerable
avalanche locations. Atmospheric patterns were studied to increase knowledge and
understanding of the multivariate nature of both snow and avalanches in the region with
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the WRF model allowing for further investigation of these patterns at a higher resolution.
The identification of these patterns paired with the developed climatology of snow and
avalanches in each city provide a base for forecasters to anticipate large snowfall events
at a local scale with increased accuracy and offer snow rangers further support in
decision-making in avalanche terrain with the increased understanding of avalancheweather interactions in southern Alaska.
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